The ability of various tea catechins to generate H 2 O 2 and the hydroxyl radical in the presence of the Cu 2þ ion was investigated and compared with the effect of iron ions. Flavonoid compounds have been believed to exert many positive health effects through their antioxidative properties. [1] [2] [3] [4] [5] [6] [7] [8] [9] On the other hand, some flavonoids with metal ions have been reported to show prooxidative activity under certain conditions. [10] [11] [12] [13] [14] [15] We have reported that, in the presence of Cu 2þ under aerobic conditions, some tea catechins induced DNA cleavage, 16) accelerated the peroxidation of unsaturated fatty acid, 16) and killed bacteria. [17] [18] [19] These effects are considered due to the prooxidative property of catechins. This activity varies with the structure of a catechin 20) and metal ion.
Flavonoid compounds have been believed to exert many positive health effects through their antioxidative properties. [1] [2] [3] [4] [5] [6] [7] [8] [9] On the other hand, some flavonoids with metal ions have been reported to show prooxidative activity under certain conditions. [10] [11] [12] [13] [14] [15] We have reported that, in the presence of Cu 2þ under aerobic conditions, some tea catechins induced DNA cleavage, 16) accelerated the peroxidation of unsaturated fatty acid, 16) and killed bacteria. [17] [18] [19] These effects are considered due to the prooxidative property of catechins. This activity varies with the structure of a catechin 20) and metal ion. 21) Catechin-related oxidation is attributed to reactive oxygen species which are generated by the reduction of O 2 by a combination of catechins and metal ions. 10, 12) Therefore, epigallocatechin gallate, the most effective antioxidant among tea catechins, could be expected to show the highest reducing activity toward O 2 in the presence of metal ions. 9, 22, 23) However, epigallocatechin with Cu 2þ is the most effective prooxidant among tea catechin-metal ion combinations, while epigallocatechin gallate is less effective as a prooxidant even in the presence of Cu 2þ . In this study, the difference in prooxidative activity among tea catechins was investigated by measuring the generation of H 2 O 2 and the hydroxyl radical by various catechins in the presence of Cu 2þ and iron ions. We reveal that epigallocatechin gallate did not primarily generate reactive oxygen species, but rather scavenged by itself those generated. Consumption of H 2 O 2 by Catechins and Other Antioxidants. H 2 O 2 (5 M) was incubated with a catechin or other antioxidant (0.5, 1.0, 1.5 or 2.5 M) in a 37.5 mM sodium acetate buffer (pH 7.4) at room temperature for 10 min. Remaining H 2 O 2 was determined according to the method of Guilbault et al. 24) To 0.1 ml of the sample after incubation, 0.2 ml of 0.84 M EDTA in a 0.35 M potassium phosphate buffer at pH 7.0, 0.2 ml of a peroxidase solution (10 units/ml) in the 0.35 M potassium phosphate buffer (pH 7.0) containing 8 mM p-hydroxyphenylacetic acid, and 0.2 ml of 0.4 M NaOH were added, before the mixture was diluted with 3.4 ml of water. The fluorescence of the solution was measured at an excitation of 322 nm and emission of 406 nm. Standard curves, which had been prepared with the reaction buffer (pH 7.4) containing catechins and H 2 O 2 , were used for calibration. C. After 10 min of incubation, the remaining catechin was analyzed by HPLC (SCL-6A instrument, Shimadzu, Japan), using UV detection (280 nm) and a Cosmosil 5C18-MS column (4:6 mm Â 250 mm, Nakarai Tesque, Japan) with CH 3 CN/EtOAc/0.05% H 3 PO 4 = 12 : 2 : 86 as the eluent. UV spectral changes were also recorded before and after incubating with a metal ion (Fig. 5) .
Materials and Methods

Stability of H
Generation of the Hydroxyl Radical by Catechins in the Presence or Absence of Cu
2þ . The amount of hydroxyl radical was determined according to the method of Hanasaki et al. 25) A mixture of catechin (0.167 mM), CuSO 4 (0.167 mM), and DMSO (12.7 mM) in a 33.3 mM sodium phosphate buffer (3 ml, pH 8.4) was incubated at 37 C. Sodium methanesulfinate (MSA-Na) that had been formed was determined by HPLC with a Capcell Pak NH 2 column (4:6 mm Â 150 mm, Shiseido, Japan) and UV detection (285 nm). The mobile phase was a mixture of ethanol (gravity d was adjusted to 0.800 with H 2 O) and n-hexane = 3 : 100 (v/v). The order of H 2 O 2 -scavenging activity was EGCg > ECg > EC % pyrogallol > ascorbate % catechol > EGC as shown in Fig. 1 . This order is similar to that reported against propagating lipid peroxyl radical species.
Results and Discussion
9,26,27) EGC was almost inactive against H 2 O 2 in contrast to most reactive EGCg. As shown in Fig. 2 The amount of H 2 O 2 generated was followed with time by fluorometry. EGC; EC; EGCg; ECg; pyrogallol; catechol. EGC-Cu 2þ complex, the spectrum for EGC was not recovered by acidifying the solution as shown in Fig. 5(a) We have already reported that the order of the activity of DNA cleavage by catechins in the presence of Cu 2þ was EGC > EC > C % EGCg ) ECg. 16) complexes must be involved in the production of reactive oxygen species to cleave DNA. The hydroxyl radical is the most probable actual species for DNA cleavage.
Conclusion
EGC and EGCg are very different in their prooxidative reactivity in the presence of Cu 2þ , although both EGC and EGCg show similar redox potential. The present study has revealed that this difference was due to the chelating ability of EGCg to metal ions to form a relatively stable complex which inhibited the generation of reactive oxygen species. This is the reason why EGCg showed less prooxidative activity than EGC and mainly played the role of an antioxidant. 
